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Head injury (extracranial and intracranial injuries), being one of the main 
causes of death or permanent disability in everyday life, continues to remain as a 
major health problem with significant socioeconomic costs. Therefore, there is a 
need for biomechanical studies of head injury, its mechanisms and its tolerance to 
external loading. To assess the biomechanics of head injury mechanisms, many 
finite element head models (FEHMs) have been built. However, in order to reduce 
the computation efforts, most of these FEHMs were simplified and details of 
complex head anatomical features were often ignored. 
In order to better predict the mechanical responses of the human head during 
head injury, two comprehensive subject-specific FEHMs have been constructed 
from modern medical imaging devices such as computed tomography (CT) and 
magnetic resonance imaging (MRI). Our head models have also been validated by 
comparing with numerical data of other FEHMs as well as three cadaveric 
experimental data in terms of intracranial pressure (ICP) and strain, before its use 
in applications of various head injuries due to external loading. 
Moreover, both the traditional and the complex modal analyses of our FEHM 
are employed to determine modal responses in terms of resonant frequencies and 
mode shapes. It compares both modal responses without ignoring mode shapes 
and these results are in reasonably good agreement with literature. Increasing 
displacement contour loops within the brain in higher frequency modes probably 
exhibit the shearing and twisting modes of the brain. Additional and rarely 
 xi 
 
reported modal responses such as “mastication” mode of the mandible and 
flipping mode of nasal lateral cartilages are identified. This suggests a need for 
detailed modeling to identify all the additional frequencies of each individual part.  
This representative FEHM aims to allow the assessment of the injurious 
effects of different loading conditions and enable the development of enhanced 
head injury and protective equipment through the reconstruction of the different 
impact scenarios. Firstly, in order to investigate the relationship between the 
facial and brain injuries, nine common impact scenarios of facial injuries are 
simulated, with their individual stress wave propagation paths in the facial 
skeleton and the intracranial brain presented to study the association of the 
traumatic brain injury (TBI) with the facial trauma sequences. Fractures of facial 
bones and cranial bones as well as intracranial injuries are evaluated based on the 
tolerance limits of the biomechanical parameters. General trend of maximum 
intracranial biomechanical parameters found in nasal bone and 
zygomaticomaxillary impacts indicates that severity of brain injury is highly 
associated with the proximity of location of impact to the brain. It is hypothesized 
that the midface is capable of absorbing considerable energy and protecting the 
brain from impact. The nasal cartilages dissipate the impact energy in the form of 
substantial deformation and fracture, with the vomer-ethmoid diverging stress to 
the “crumpling zone” of air-filled sphenoid and ethmoidal sinuses; in its most 
natural manner, the face protects the brain. This numerical work hopes to provide 
surgeons some insight in what possible brain injuries to be expected in various 
types of facial trauma and to help in improved and better diagnosis of unsuspected 
 xii 
 
brain injury, thereby resulting in decreasing the morbidity and mortality 
associated with facial trauma. 
Lastly, both experiments and numerical simulations of frontal and lateral 
ballistic impacts on a Hybrid III headform and the FEHM equipped with 
Advanced Combat Helmets (ACH) are carried out to study the performance of 
two different interior cushioning designs, namely the strap-netting system and the 
Oregon Aero (OA) foam padding. In general, there is reasonable correlation 
between numerical and experimental observations and on quantitative parameters, 
such as head accelerations, helmet damage and deflections. The OA cellular 
foams with the plateau characteristic are found to be more effective than linear 
elastic cushions in strap-netting system, as shock absorbing cushion against 
ballistic impacts. Moreover, it is found that, for frontal impact, the helmet with 
strap-netting system fails both the Wayne State Tolerance Curve (WSTC) and 
Federal Motor Vehicles Safety Standards (FMVSS) 218 criteria while the one 
with OA foam-padding passes both. 
 xiii 
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